larger lymphatics, and finally into the blood through the thoracic duct. Gerhardt (6) , in several communications, confirms the findings of Heidenhain..
Eppinger (7) has contributed several excellent papers on this subject and, in his last paper, gives a careful review of the extensive literature. His views are based on a very careful study of histological preparations in which the bile canaliculi are specially stained. From the study of this material he cannot accept the theory 6f rupture of bile capillaries and escape of bile into the hepatic capillaries, but is convinced that after rupture of the bile capillaries the bile escapes into the perivascular lymphatics. The bile is drained into. the thoracic duct by the larger hepatic lymphatics. I-Ie believes the same explanation holds for practically all types of icterus, obstructive, toxic, etc.
Minkowski (8) offers an interesting explanation which is opposed to the theories above stated. He remarks that it is well known that the liver cells can secrete substances into the hepatic capillaries, for example, uric acid and sugar. Why cannot the liver cells under abnormal conditions secrete bile into these hepatic capillaries? He believes that mechanical stagnation of the bile leads to damage of the liver cells and disturbance of their secretory function which may bring about a reversal of the secretior~. He compares this change with that produced in the renal epithelium allowing an escape of, albumen in the urine.
Nauwerck (9) is a strong advocate for absorption of bile in obstructive jaundice by way of the hepatic capillaries, and bases his views on a careful microscopical study. He states that the bile capillaries communicate with the blood capillaries.
Starling and Tubby (Io) injected indigocarmine and methyl blue into, the pleural an.d peritoneal cavities of animals and noted that the color first appeared in the urine long before its appearance in the fluid of the thoracic duct. They ~trew the conclusions that absorptio~ by blood vessels was not only Iar better, but they questioned whether any took place by way of the lymph, as the moderate coloration might have come in later from the blood, after the coloring matter had.been directly absorbed by the blood.
Meltzer (II) repeated,these experiments, with some trmdifi.cations, and found that the color appeared in the lymph before it did in the urine.
Wertheimer and Lepage (I2) bring strong experimental evidence to show that the lymphatics play a subsidiary r61e in the absorption of bile, which goes on ~actively by way of the hepatic capillaries and is ir~ no way influenced by'a thoracic duct fistula~ T~hey inserted eanuhe in the thoracic duct, the common bile duct, and the.urinary blad~der, Injection of a solution of sodium, indigo sulphate or bilirubin into the bile ducts under a pressure of 30 to 35 cm. caused these substances to-appear in the urine by ,the er~d of two hours.
Mendel and Underhill (I3) repeated and amplified these experiments of. Wertheimer and Lepage, with similar and even more conclusive results. They used a solution of potassiflm iodide .which was introduced into the bile ducts am:l appeared in the urine at the end of~ twenty to thirty minutes. A little later the drugappeared in the lymph of the thoracic duct, but always in less amount than in .the urine. They concluded' that the hepatic capillaries, are the important factors in this absorption. Mendel (i4) has shown that in absorption from the peritoneal cavity the pigments appeared ir~ the urine before they did in the lymph, even when a Iymphagogue had been previously given to insure an abundant flow. The tardy appearance of pigment in the lymph cannot b'e explained as due entirely to a retarded do.w, but is due, in, part at least, to a variable pressure of bile in the duets and canaliculi.
A recent contribution by Herring and ~Simpson (15) has interested us considerably and we quote from their summary. "The obstructed bile leaves the liver by the portal lymphatics. Injection of the bile ducts with carmine gelatin at a pressure not exceeding the ma,ximum bite pressure is ,also followed ~ by the appearance of the injected material in the liver lymphatics." Obvious objections may be raised to this type of injection experiment. A careful review of their experiments does not convince one that many sources of error have been excluded. The method of testing for bile in the portal Iymphatics is quite inaccurate; r~or are we convinced that such experiments offer sufficient evidence ior their assertion that "the obstructed bile leaves the liver by the portal lymphatics."
It may be of interest here to recall the-anatomy of the liver lobule ~ith especial reference to the lymphatic system. Mall (16) s~ates that the lymphatics are present only in the centers of the portal units and are absent in the centers of the liver Iobules. Presumably they drain the tissue intimately associated with Glisson's capsule and the portal structures.
To summarize in a few words, many investigators explain the escape of bile from the liver in obstructive jaundice by the activity of the : lymphatic apparc~tus, while others uphold the view that this process is essentially an absorption o'f bile from the liver by the activity of the hepatic capillaries.
it was with the idea of clearing ~p this question that our series of experiments was undertaken.
\Ve have tried to simulate, as closely as possible, the conditions found in acute obstructive jaundice, have recorded our observations upon the lymph and urine, and then permitted the animal to live for some time. After an interval of days or weeks the animal was examined for the presence of bile pigments in the various body fluids, and /his throws some light on the pathogenesis of chronic jaundice.
It is believed that such experiments, extending over a long period of time, are more valuable than shorter ones in which no aseptic precautions were take1-1, and in which the animal was sacrificed at the end of a few hours.
Method.--Large female dogs were use&. The urine was obtained by catheter, and in every ease was examined before operation.
It was found that the only sure method of produeing permanent obstructive jaundice in dogs was to ligate the common bile duet doubly and' to cut it between the ligatures. A single ligature cuts through the duct, and its continuity is rehstablished in a few days. Ether was used for anesthesia, no morphia being given as, in some of the early experiments, this seemed to interfere with the excretion of bile. Unless otherwise stated, the Salkowski test was employed for bile pigments, and the Hoppe-Seyler test, for bite salts. Whenever the material to be examined was scanty, we used the Salkowski test for bile pigmen.t, as it is much more delicate than that for bile salts (HoppeSeyler), and in our experiments in every instance in which the presence of bile salts has been demonstrated, the bile pigment test has been more marked.
We shall report in some detail a few of our more complete experiments, but the findings in all are in accord. Although in some details a few experiments are incomplete, the weight of evidence points to the conclusion that in obstructive jaundice bile is absorbed from the liver chiefly by way of the hepatic capillaries and that the lymphatics play a secondary r61e.
DOG lO2.
April 2L The dog was a large mongrel poiater and weighed 43~ pounds. The animal ingested about on,e pound of fat meat and one pint of milk at 8.45 a.m. The urine obtained at this time, by catheter, gave a negative bile pigment test. Ether anesthesia was begun at Io.~5 a.m. The thoracic duct was exposed at the root of the neck and tied at its junction with the jugular vein,. A canula was inserted distally to this ligature, and a uniform flow of lymph was obtained at 11.5o a.m. The lymph was rather milky and the flow cqnstant, between 2 and 5 c.c. per fifteen minutes.
A second operation was performed at once through the right rectus. The common bile duct was ligated doubly and cut between ligatures at I2.45 p.m. Satine infusion was given continuously during both operations, 1,5oo c.c. of salt solutionl (o.8 per cent.) being introduced subcutaneously during the three hours in which the animat was under the anesthetic. I1~ spite of this, the flow of urine was rather scanty but regular, and the urine was highly colored. The animal was permitted to come out of the anesthesia at 1.3o p. m., but urine and lymph were collected regularly 6uring the rmxt four hours. When the animal was placed in a metabolism cage at 6 p. m., the lymph was s.till flowing regularly. The tests of the urine and lymph follow.
April 22. At Io a. m. the dog was well and lymph was still flowing from the thoracic fistula, about Ioo c.c. having collected during the night. There were large clots of lymph in the cage and collecting vessels. Ten. cubic centimeters of clear amber-colored lymph were collected from the fistula and gave a bile pigment test. Urine (catheterized) was not highly colored, but gave a positive bile pigment test. At 3 P. m. the lymph flow was still regular and abundant, about 3 c.c. every five minutes. The lymph had a dear, amber color and 4 e.e. of it gave a suspicious test for bile pigment. The urine obtained at this time by catheter gave a very beautiful bile pigment test. April 23 . The dog was pretty well; a httle lymph was flowing from the neck wound. The urine was clear orange yelIow and gave a positive bile pigment test.
April 24. The dog was improving and the wounds were granulating well. The urine was typical of obstructive jaundice, and a catheterized specimen gave a deep orange yellow color with a green froth.
April 28. The dog was quiet and its abdomen seemed tender. The urine was very highly colored and typical of obstructive jaundice.
May 5. The dog was sick arm weak and was killed with ether.
Autopsy.--This was performe8 at once All the subcutaneous tissues showed a deep bile tinge. The serous cavities were clear except for old adhesions around the site of operation on the common bile duct. The heart was pale. There were a few subendocardial eechymoses. The lungs were crepitant, as a rule, but showed scattered small patches of deep purplish color. These measured 4 or 5 mm. in diameter, stood up above the cut section, and were evidently areas of consolidation. The spleen was large and soft. The cut section Was velvety. The stomach and duodenum were quite normal. The parenehyma of the pancreas was rather pale and bile-tinged. All through the parenchyma, particularly in the head of the pancreas, were scattered many, small, chalky opacities, about pin-head in size.
Liver.--This was bile-tinged but of a deep purplish color due evidently to intense congestion. The common bile duct and gall bladder were enormoqsly swollen and very tense. The kidneys presented a .remarkable ~appearance. They were large and the capsule came off easily, leaving a mottled surface on which areas of bile-stained cortex alternated with purplish areas stippled' over with little yellow specks. Sections showed a cortex striated in a similar manner, Areas of hemorrhage were streaked .with opaque, yellow colored lines which extended downward through the pyramids to the pelvis. The pelvis was dilated and full of puruIent material. The tips of the pyramic~s showed some ulceration and erosion and had a rough, shaggy, dirty yellow appearance. The ureters contained a purulent material and showed injection of their mucosa. The bladder contained some gas which escaped on section. The mucosa was everywhere hemorrhagic. There were some raisedu areas around the trigonum in which one could see tiny blebs which were filled with gas and measured I to 3 mtr~ in diameter. These littie bubbles were present everywhere in the mucosa, gave a honey-combed appearance to these areas, and were undoubtedly due to a gas bacillus infection. This interesting conditio.n had no bearing on our problem; ii probably developed from an infected "bladder which .caused an ascending pyetonephritis and terminal bronchopnenmonia.
July 20. The dog was a great Dane, apparently of pure breed, and weighed 72 ppunds. She was rather old .and lean but was activ~e and,powerful. The animal was isolated for observation. She ate vigorously and appeared' normal in every respect.
July 21. The animal was in perfect health, and the urine obtained by catheter was negative for bile pigments.
July 23. At 7.3o a. m. the animal ingested' one pound of chopped fat meat and one quart of milk. These were taken at once. The animal also drank con= siderable water. The operation under ether anesthesia was begun at lO.2O a. m. A subcutaneous saline infusion was given continuously from lO.3O to I o'clock. The saline infusion (0.8 per cent.) was absorbed rapidly and 2,ooo c.c. were given in all. T hiosine (.94 gram,) was given subcutaneously at lO.45. The thoracic duct was exposed and' ligated at its entrance into the jugular vein, and at 11.15 a large canula was easily inserted into it and tied. A copious flow of milky, opaque lymph was obtained. This averaged about _t c.c. per minute, as is indicated in the table, In the second operation under the same anesthetic an incision was made through the right rectus, and the common bile duet was doubly ligated and cut at ti. 12.00 p.m. 
I3 ½ c.c.
I2 ~ e.c.
I9 -c.e. I4½ c.c. 7 C.e. I3 C.C. July 24. At IZ m. the animal seemed pretty well and drank a large amount of water. No food was given. She walked about the room and appeared fairly normal except for considerable weakness and a slight increase in the rapidity of respiration. Urine was obtained by catheter in considerable amounts. It was very highly colored and appeared definitely bile-tinged.
July 25. At 9 a. m. the animal was found dead and rigid. At autopsy, jaundice was evident in the sclerotics, and there was a faint tingeing of the subcutaneous tissues as well, The abdominal wound was clear~ and the tissues about it were rather edematous and injected. The peritoneal cavity contained 50 to 70 c.c. of turbid, dirt},, brownish-yellow fluid which evidently contained a good deal of bile. The serous surfaces were all injected, particularly in the neighborhood of the liver. T.he pelvis was fairly clear. The duodenum ,was greatly dilated, and its walls were injected. There was a conspicuous fibrinopurulent exudate appearing in patches on the surface of the liveg. There was a large mass of this material close to the gall bladder in one of the small fissures ,between two of the liver lobes. There was another accumulation of fibrin deep down in one of the liver fissures close to a larger bile duct. Careful examination showed no gross eviden.ce Qf rupture, but it seemed pretty clear from the localized type of the exudate and the appearance of the liver after removal that there had been a small rupture, permitting the escape of more or less bile. This condition is not uncommon after ligation of the common bile duct in dogs, but usually occurs from the distal end of the gall bladder or from one of the larger bile ducts at the hilum of the liver. Chemical examinatior~ showed the peritoneal fluid to be very rich in bile pigment, whereas the pericardial fluid, which is a fairly good index of the general distribution of the bile pigments in the body fluids, contained only a very smaI1 amount. This was additional evidence in favor of an escape of bile pigment through a rupture in the liver. The pleural and perlcardial cavities had moist, smooth surfaces. A small amount of fluid was obtained from the pericardial cavity.
Lungs.--The right lung was practically normal. On section, the left lung was very large, heav~, and moist, and of a deep purple color, particularly in the lower lobe. There were purple patches in the other lobes. There was evidently a good deal of bronchopneumonia and edema affecting particularly the lower lobe. The spleen, pancreas, kidneys, duodenum, and stomach showed nothing of interest.
Liver.--This was large an,d swollen. The lobules were quite conspicuous, showing a swollen, grayish-red margin and a deep red center. The acute exudate on the capsule was described above. The gall bladder was dilated to about double its size and was quite tense. The common, cystic, and hepatic ducts were all dilated and conspicuous. The site of the operation showed that the ligatures were intact and that there had been no escape of bile from this region. The lymphatics at the hilum of the liver were dilated, beaded, an, d made out with ease. They were filled with a lemon yellow colored fluid. The urinary bladder contained about 50 c.c. of very highly colored urine, which was removed with a clean pipette and was found to contain an enormous amount of bile pigment. In consequence of the exudate ia~ the peritoneal cavity, the thoracic duct contained a clear, pale, cherry-red fluid (compare dog 82), which was obtained through a canula.
At autopsy the urine, lymph, and ascitic and pericardial fluids were examined under similar conditions. The result is given in the following It might be argued that the icterus in this case was due in great part to the peritonitis and bronchopneumonia which resulted fatally, but we believe that' these were slight factors. The urine at autopsy was very rich in bile pigments and the course of development of the icterus followed the same curve as in the other experiments. In dogs, hematogenous icterus resulting from peritonitis or bronchopneumonia is usually faint, bile pigment being present only in traces in the body fluids. The experiment with dog t 12 seems in part to contradict the first one with dog 102. We believe, however, that this contradiction is apparent only. In dog 102 the lymph flow and, presumably, the digestive activity were no~ particularly active. The bile pigments were either not present in the lyrnph, or were there in quantities insufficient to give the Salkowski test. In the urine, however, the bile pigments appeared during the second hour after the ligation of the common duct. The experiment with dog 112 was performed during the height of digestive activity and the lymph flow was very abundant, about five times as abundant as the flow of urine. Here, during the first hour after ligation of the common bile duct, both the urine and lymph contained bile pigments in demonstrable amounts. This would indicate a very rapid secretion and escape of bile from the canaliculi with removal of the bile by both the blood and the lymph channels. In spite of the relatively small amount of urine, the tests were as strongly positive in the urine as in the lymph, except during the last hour.
The experiments with dogs 102 and 112 show conclusively that a thoracic duct fistula influences in no way the development of icterus in dogs, and indicate that the lymphatic apparatus plays an unimportant and fluctuating r61e in the absorption of bile pigments from such a liver. In the first animal (dog 102) the lymph flow was not very abundant, and it is possible that a copious flow of lymph may sweep more of the bile into the thoracic duct. A more probable explanation is that it depends upon the rapidity of bile secretion in the liver. When bile is formed very rapidly it causes a rapid rise of pressure within the bile ducts and a rapid escape of bile from the canaliculi. Some of the bile may be absorbed and swept away by the lymphatics before it is absorbed by the blood vessels. It' is possible that a small percentage of the bile pigments always does escape by way of the lymphatics, but only vchen the flow is sufficiently active is enough secreted to give a positive Salkowski test.
There is another possible and very simple explanation. In no experiment bf ours has bile pigment appeared in the lymph of the thoracic duct before it was demonstrable in the urine, and usually the bile pigments, if present in the lymph, were found there later than in the urine. It is obvious that these same pigments must be present in ,the serum before they appear in the urine, so it is quite possible that the pigments may be taken up by the lymphatics from the bloodserum and tissues bathed in this serum.
This explanation applies to the liver and to all body tissues. The findings in the pericardial fluids, given below, support this view, for in chronic jaundice we find the same concentration of bile pigments in the pericardial fluid as in the fluid of the thoracic duct, and this concentration is, as a rule, less than that of the blood ~erum (dog 89).
The anatomy of the liver lobule suggests the possibility that the lymph is drained only from those liver cells which are close'to the portal tissue.
DoG 79.
December 17. This animal was a long-haired mongrel setter and weighed 3o~ lbs. 'The urine obtained by catheterization was negative for bile pigments a~d°bile s~It s.
December 22. At IO a. m. the animal was given or~e pint of milk which it drank immediately. The operation under ether anesthesia was hegun at 11.3o. The thoracic duet was exposed, tied at its junction with the internal jugular vein, and into it was inserted a small glass canuta. A nn~form flow of lymph was obtained, about 3 c.e. every fifteen minutes. The second operation was performed at once. The common bile duct was ligated doubly and cut at 1,3o p.m. Beginning at one o'clock, salt infusion, of 5oo c.e. was given subcutaneously for one hour. The flow of urine was about 2 c c. every fifteen minutes.
December 23. At IX a. m. the animal was quite well The abdominal wound was rather edematous. The urine gave a strong positive test for bile pigments and bile salts.
December 24. The dog ~was well and had a good appetite. The urine had the typical appearance of obstructive jaundice.
December 25 and 26. The animal was bleeding slightly from the granulating operative wound in the neck.
December 3o. The urine was very highly colored and its foam was greenish. The animal died as the resnl.t'of a large hemorrhage from the vessels in the neck.
21utopsy.kThe peritoneum was quite clean and free from bile. There were old adhesions about the site of operation. The gall bladder and bile ducts were enormously dilated and very tense. All the tissues showed a striking jaundice tinge. The fatal hemorrhage was due to rupture of one of the larger veins at the bottom of the operative itzcision at the root of the neck. January 2o. The dog was a large St. Bernard and weighed 6o pounds. At 9 a. m. the animal drank a quart of milk, ancL at IO a. m. the operation was begun. The thoracic duct was isolated~ tied at its junction with the jugular, and a glass canula was inserted. The lymph flow was ab~undant, as is indicated in the table~ A subcutaneous saline infusion of 50o c.c. was given at io o'clock. Under the same anesthesia, the common, bile duct was isolated close to the duodenum, doubly ligated, and cut at 1.5o p. m There was some bleedmg into the peritoneum from rupture of a small vessel close to the common bile duct, and this may explain the slight blood tinge in the lymph after the operation, The urine had a constant flow of about 4 to 6 c.c. every fifteen minutes. The lymph flow was also-very constant, about 12 to 15 c.c. every fifteen minutes.
The results of the urine and lymph examinatlona are given in the table that follows.
.January 22. The dog was sick and refused to eat. Some blood was lost from the wound in the neck. There was a bad diarrhea and the urine was contaminated with fecal matter. Repeated catheterizations yielded no urine.
.Tanuary 24. The animal was weaker and refused to eat. January 25 The animal was moribund at II o'clock. It was killed with ether and the autopsy was performed at once Three hundred cubic centimeters of blood were obtained from the vena cava, defibrinated, and centrifugalized.
The serum obtained had a clear whiskey color and showed on shaking a greenish froth. It gave a strong test for bile pigments. The bladder contained 7 tA e.e.
I I e.c.
7 ~ e.e. 
t ]ti ve.
Jan. ~5
Negative.
2 c.c. of very turbid urine which gave a positive test for bile pigments. The bladder mucosa was swollen and pinkish, an~d the cystitis undoubtedly explained the frequent mieturition which made it impossible to obtain urine on the days following the operation. The peritoneal cavity showed a fresh, fibrinous exudate over the liver and a little turbid fluid in the flanks. The serous surfaces were injected and slightly granular. The pleural ~nd pericardial cavities were clear. The heart, lungs, spleen, pancreas, kidneys, and intestinal tract were normal in gross and in microscopical examination. The liver was enlarged and showed throughout a definite icteroid tint. Its capsule was covered with a slight fibrinous exudate. In addition, one could see everywhere beneath the capsule minute yellow specks. Microscopical sections showed these specks to be rather large, recent focal necroses. Many of the bile canaliculi were distended with little greenish casts. The gall bladder and larger bile ducts were greatly distended with very tenacious, black, slimy bile. The tissues everywhere, particularly the subcutaneous and subserous fat, showed a definite icteroid tint. The thoracic duct contained 5 c.c. "of highly colored, slightly blood-tinged fluid, which was obtained through a clean glass canula. Bile pigment tests were strongly positive.
The postmortem findings in this animal (dog 86) were very interesting. The highly colored blood-tinged fluid in the thoracic duct is explained in part by the acute peritonitis and the focal necroses in the liver. It is interesting to compare this experiment with that of dog 82 (p. I27) in which there was a peritonitis due to rupture of the gall bladder. In both cases the lymph gave strong tests for bile pigments, much stronger than in any case of simple chronic icterus (see dog 89, p. I29 and dog 9 I, p. t3I).
The experiments with dogs 79 and 86 resemble in practically every detail those with dog's IO2 and t I2. In dog 79 the flow of lymph was relatively slaw and none of the tests of the lymph indicated the presence of bile pigments, although some of them during the second hour were suspicious. In clog 86, in which the flow of lymph was very abundant during the greater part of the observations, we found bile pigments present during the third hour. In both animals, however, chronic icterus developed as usual. * Added to fraction of urine 3.05 to 3.35 P. m.
July 6. The dog was a large, white mongrel bull and weighed 30 pounds At 8 a. m. the animal was given one pound of fat meat which was ground up and mixed with one pint of milk. At IO a. m. 14 c.e. of urine gave a negative test for bite pigment. Ether anesthesia was begun at IO4O a. m and throughout the experiment it was taken poorly. Between, lO.4O a. m. and I p. m. i,ooo e.e. of o.8 per cent. salt solution were given subcutaneously. The thoracic duct was isolated and a canula inserted at 11.4o. The lymph flow was regular, abundant, and quite milky. In spite of the saline infusion, the flow of urine ahnost ceased at I p. m. At 1.3o p. m. 7 gin. of caffein were given subcutaneously in salt solution. Under the same anesthesia the common bile duct was tied and cut.
The animal came out of the anesthesia at 3.20 p. m. and at 3.3o P. m. vomited a large amount of food. Some of this material was aspirated into the bronchi, and there was cyanosis for several minutes. After 4 P-m. there was an abundant and pretty regular flow of urine Observations were continued regularly until 6 p. m. In the table that follows are given the results of the urine and lymph tests.
At 6 p. m. the animal was removed to a metabolism cage. Breathing was irregular and secretion from the bronchi was abundant Th~ next morn4ing, July'7, the animal was found dead in its cage.
Au#opsy.--The postmortem changes were pretty well advanced as the weather was very warm and the animal evidently died rather early in the night. Both lungs showed 'much hemorrhage and a diffuse edema. The bronchi were full of frothy serous fluid. The gall bladder was distended with fluid and definitely enlarged but not very tense. Microscopical sections were of no interest.
DoG 82.
December 27. The animal was a large, fat puppy-and weighed 35 pounds. The tests for bile pigment in the urine were negative.
December 28. The dog was given ¼ gin. of morphia about half an hour before the operation, and 300 c.c. of water were introduced into the stomach by a stomach t~lbe. During the operation, which was under ether anesthesia, 400 c.c. of saline were given subcutaneously. The common bile duct was doubly ligated and 'cut at I2.15 p. m. The bladder was catheterized every ~fif(een minutes, beginning at 12.3o p. m., at which time 6o c.c. of clear urine were obtained. Throughout the ~wo hours of observation there was a uniform flow of urine. The urine which was obtained at 12.3o p. m. gave negative tests for bile pigment. The remaining specimens were combined in two portions, one obtained during the first hour and the other obtained'during the second hour and were tested with great care for bile pigment but with absolutely negative results. It is possible that the morphia may have influenced indirectly the flow of bile, causing slow accumulation in the bile ducts and gall bladder, a relatively slow rise of pressure, and a tardy escape of bile pigment. The lymph apparatus was not disturbed in, this operation.
This experiment, together with others, showed that the time of appearance of bile pigments in the urine varies considerably and is probably dependent in great part upon the activity of bile formation in the liver.
December 29, Tests for bile pigment in the urine were positive. December 31. The urine presented the usual appearance seen in obstructive jaundice. January 6 to 9-The dog was losing weight and had a poor appetite. The urine was very highly colored and fult of bile.
January ii. At 9.30 a. m. the dog was given 5oo c.c. of milk by stomach tube. At ii a. m. the thoracic-duct was exposed, a glass canula was inserted, and a clear canary-yellow fluid was obtained in considerable amounts. Of this clear fluid, 2 c.c. gave a positive test' for bile pigment and 12 c.c. gave a positive test for' the bile salts. .At 3 P. m. the animal was bled to death. The blood was collected in a flask, defibrinated, and centrifugalized. The serum which was obtained had a definite bile tinge and gave positive tests for bile pigments and bile salts. URINE TESTS.
Time.
Bile pigment. ztutopsy.--The peritoneal cavity was fulI of a yellowish-brown curdy material and of a bile-tinged, unclotted fluid. A rupture had taken place from the gall bladder with an escape of a large amount of bile ~nto the peritoneal cavity. The serous surfaces-throughout were covered with a fibrinous exudate and were greatly injected. The mediastinat and mesenterie glands were greatly enlarged, very moist on section, and deeply bile-stained. Heart, lungs, and thorax were normal except for the bile staining o{ all the tissues. The pancreas was very pale and evidently normal. There were no fat necroses The cortex of the kidneys was bile-stained. The intestinal tract showed nothing of interest, and the liver had the usual color and general appearance found in obstructive jaundice.
It is reasonable to suppose that a part of the bile and inflammatory exudate in the peritoneal cavity was being removed through the thoracic duct. The strong'positive biIe pigment test in the lymph is explained in part by this fact and may be compared with that in dogs 86 and I ~2. :February 4. The animal was a large brindle bull-dog and xseighed about 35 pounds. At 9.zS a. m. the dog drank a quart of milk and at Io.r5 a. m. the operation was begun under ether anesthesla. An m{usion of 50o c.c. of saline was givenJ subcutaneously, and a canula was inserted into the thoracic duct, but only a few drops of clear lymph were obtained. The common bile duct was llgated and cut at 12.4o p. m, The secretion of urine after the second operation was very poor and the amounts obtained were insufficient for satisfactory bile pigment tests. At 2 p. m. the dog vomited practically all of the milk which had been ingested. There had been almost no lymph flow from the canula, only a few drops escaping when the animal came out of the anesthesia at about 2 p. m. The urine obtained at 5 P. m. gave a strong test for bile pigment.
February 5. The urine was highly colored and the tests for bile pigment were strongly positive.
February 6. The dog was doing well, but the urine was very highly colored. February 8. The animal showed a well-developed jaundice, and was killed with ether.
It is of extreme interest to compare the pericardial fluid, the lymph, the blood serum, and the urine of this animal. From the pericardial sac two cubic centimeters of a clear, canary-yellow fluid were obtained. The fluid did not clot on standing. The thoracic duct yielded 13 c.c. of a slightly opalescence, canary-yellow lymph in which, on standing, a small clot {ormed. The serum from the auricle had a clear whiskey color, and the urine from the bladder was tinged a very deep yellow. For the tests for the bile pigments 2 c.c. of each of the four fluids were taken and from these, acidified alcoholic extracts were made, eli condition's being as nearly alike as possible. The result of these tests is shown in the {ollowing table.
Bile pigment test (Salkowski).
CoIor.
Thoracic duct fluid. Olive green.
In the alcohohe extracts, the pericardial and thoracic duct fluids had exactly the same tint of pale green, the green of the blood serum was much deeper, and the color of the urine was a deep olive green. The tint of the serum was about twice as dark as that of the thoracic duct fluid, and the color of the urine was very much more intense than that of the serum (compare dog 112).
The autopsy showed nothing of particular interest. The peritoneum was quite clean. The gall bladder and ducts were enormously dilated' with tenacious, greenlsh-black bile. The liver presented the typical appearance found in these experiments. The tissues were all definitely jaundiced. The heart, lungs, spleen, kidneys, and intestines, were all negative. April 7-The animal was a lean mongrel puppy and weighed 27 pounds. It was quite well and achve and drank one quart of milk at 8.30 a.m. Under ether anesthesia at Io.3o a, m. the thoracic duct was exposed and ligated, and from the glass eanula inserted m it, a slow flow of lymph was obtained. The lymph was of an opalescent color but not milky. After the second operation the lymph became blood-tinged and remained so throughout the entire observation, more blood being present in the lymph after the animal struggled. II~ the second operation, performed at once, the common bile duct was doubly ligated and cut at 1:2 o~clock. During both operations a subcutaneous saline infusion, amounting to 800 e.c. altogether, was given in the axilla and in the groin. The animal came out of the anesthesia at I~.3o p. m. The lymph flow was rather scanty but fairly uniform throughout the entire period. The flow of urine was regular. The lymph and urine were collected every fifteen minutes. The results of the tests of the urine and lymph are given in the following table.
April 8. The animal was well and ate with a good appetite. Only 3 c.c. of urine could be obtained, but m this a test for bile pigment was suspicious. Clean cage urine (20 c.c.) gave a positive test for bile pigment.
April 9. The dog was Improving. Only 3 c.c. of urine were obtained by,. catheterization, but in this the test for the bite pigments was strongIy positive. The feces were clay colored.
April ~I. The urine was very highly colored and the stools were abundant and clay colored.
April 2o. The dog had lost weight steadil35 the stools were clay colored, and_' there was eon.siderabIe diarrhea.
April 23 The animal weighed 2,r pounds. The abdomen was not tender. The dog was killed with ether and bled from the carotids. After allowing the blood to clot in a cylinder, the fired .portion was centrdugalized, and a large amouht of perfectly clear serum was obtained. It was amber colored and had' a greenish opalescence.
Autopsy.--The subcutaneous fat was scanty and deeply bile-tinged. The. This experiment in the acute stage was not as satisfactory as some others, because the rather small amounts of lymph and urine obtained made the tests for the bile pigments less satisfactory. The blood tinge present in the lymph was confusing and made the test rather uncertain. Nevertheless, in this animal, which had a thoracic duct fistula, jaundice developed in quite the usual manner.
The observations upon the body fluids were instructive as they coincided with those upon dogs 89 .and 112. These three experiments force one to the conclusion that the blood serum in chronic obstructive jaundice is uniformly richer in bile pigments than the lymph and pericardial fluid. This furnishes more evidence to the effect that the lymphatics take no active part in removing the bile pigments from the liver during the acute or chronlc stages of obstructive jaundice. This experiment shows that, after the common bde duct is ligated, bile may escape from the liver and appear in the urine almost as rapidly as potassium iodide appeared there after it had been injected into the bile ducts by Mendel and Underhill. The unusually rapid appearance of bile in the urine of this dog may be explained by the shortness of the operation (20 minutes) and by the qmekness with which the dog recovered from the anesthetic, for in some of the animals ether was given for two or three hours, the duration varying with the difficulty of the operations.
From a review of the experiments here recorded, it is clear that our conclusions differ absolutdy from th(~'se of Heidenhain, Vaughan Hartley, Gerhardt, Eppinger, Herring and Simpson, but that our findings are in accord with those of Wertheimer and Lepage, Mendel and Underhill.
While various foreign substances, potassium iodide, for example, introduced into the bile ducts may be detected in the urine and lymph with far greater accuracy than the bile pigments (this fact possibly explaining some of the minor differences between our results and those of Mendel and Underhill and others), nevertheless we are of the opinion that tests for the "bile pigments in the various body fluids are more convincing in studying the path by which, in obstructive jaundice, the bile reaches the kidneys. As our operations were performed under aseptic precautions and as our animals usually recovered, we have been able to make tests for the bile pigments under conditions that closely simulated those of acute and chronic obstructive jaundice. When bile was present in the peritoneal cavity, with or without peritonitis, the fluid in the thoracic duct was found to be rich in bile pigment.
CONCLUSIONS.
These experiments indicate that, in obstructive jaundice, the bile which escapes from the liver is absorbed by the hepatic capillaries and carried by the blood to the kidneys. The presence of a thoracic duct fistula influences in no way the development of icterus after total obstruction of the common bile duct. Bile pigments, sufficient to give a Salkowski test, may or may not appear in the lymph of the thoracic duct in such experiments, their appearance possibly depending upon the rapidity of bile secretion and the amount of lymph flow. Chronic icterus developing in an animal with a thoracic duct fistula gives an interesting distribution of bile pigments in the body fluids. The lymph and pericardial fluid contain the same amount, which is much less than the content of bile pigment in the blood serum and urine. It seems clear that in both
